F/0  »/S 


^  AO— A108  204  FOREION  TECHN0L00Y  OIV  VRIOHT-PATTEASON  AFB  OH 

ANTENNA  (SELECTED  ARTICLES) . (U) 

NOV  01  L  V  RYZHKOVA 

UNCLASSIFIED  FTP-IO(RS)  T-0W-01 _ 


in 

HI 


FTD-ID(RS)T-0993-8l 


FOREIGN  TECHNOLOGY  DIVISION 


ANTENNA 

(Selected  Articles) 


DTIC 

^ELECTEI 
OEC  8  J98|  < 


1 


Approved  for  public  release; 
distribution  unlimited. 


8 1  12  08  llfi 


FTD-ip(RS)T-0Q*n-8i 


EDITED  TRANSLATION 


FTD-ID(RS)T-0993-8l 


2  November  I98I 


MICROFICHE  NR:  PTD-81-C-001000 

ANTENNA  (Selected  Articles) 

English  pages:  25 

Source:  Antenny ,  Nr.  8,  1970,  pp .  28-^6^ 

Country  of  origin:  USSR 
Translated  by:  Bernard  L.  Tauber 
Requester:  FTD/TQFE  — 

Approved  for  public  release;  distribution 
unlimited . 


THIS  TRANSLATION  IS  A  RENDITION  OF  THE  ORl&l- 
NAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 
ADVOCATEDOR  IMPLIED  ARE  THOSE  OF  THE  SOURCE 
AND  DO  NOT  NECESSARILY  REFLECT  THE  POSITION 
OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  Dl- 
VISION, 


PREPARED  BY: 

TRANSLATION  DIVISION 
FOREIGN  TECHNOLOGY  DIVISION 
WP.AFB.  OHIO. 


Date  2  Nov  19  81 


TABLE  OF  CONTENTS 

U.  S.  Board  on  Geographic  Names  Transliteration  System....  ii 
Compensation  for  Direct  and  Reverse  Interconnection  in 


an  Infinite  Emitter  Array,  by  L.  V.  Ryzhkova .  1 

Simultaneous  Compensation  of  Direct  and  Reverse 

Interconnection  in  an  Infinite  Emitter  Array,  by 

L.  V.  Ryzhkova .  16 


U.  S.  BOARD  ON  GEOGRAPHIC  NAMES  TRANSLITERATION  SYSTEM 


Block 

Italic 

Transliteration 

Block 

Italic 

Transliteratii 

A  a 

A 

a 

A ,  a 

‘  P  P 

P 

P 

R,  r 

b  6 

B 

6 

B,  b 

C  c 

C 

e 

S,  s 

U  B 

B  t 

v»  v 

T  T 

T 

m 

T,  t 

r  r 

r  t 

G,  g 

y  y 

y 

Y 

U ,  u 

A  A 

n 

d 

D,  d 

CD  $ 

<0 

* 

F,  f 

E  e 

E  « 

Ye,  ye;  E,  e* 

X  x 

X 

X 

Kh ,  kh 

W  w 

M  OK 

Zh ,  zh 

U  4 

u 

H 

Ts ,  ts 

3  3 

3  t 

Z ,  z 

H  s 

V 

H 

Ch ,  ch 

M  M 

H  u 

I,  i 

tU  uj 

Ul 

m 

Sh,  sh 

Pi  Pi 

R  a 

y,  y 

m 

m 

* 

Shch,  shch 

H  H 

K  K 

K,  k 

b  b 

h 

% 

II 

n 

J1  A 

L,  1 

bi  w 

u 

u 

y,  y 

n  .i 

M  M 

M,  m 

b  b 

b 

k 

l 

H  H 

H  H 

N,  n 

3  3 

9 

* 

E,  e 

0  o 

0 

0 

0,  o 

hj  io 

JO 

to 

Yu,  yu 

n  n 

n  n 

P,  P 

fl  n 

R 

A 

Ya,  ya 

*ye  initially,  after  vowels,  and  after  b,  b;  e  elsewhere. 
When  written  as  e  in  Russian,  transliterate  as  ye  or  e. 


RUSSIAN  AND  ENGLISH  TRIGONOMETRIC  FUNCTIONS 


Russian 

English 

Russian 

English 

Russian 

Engli 1 

sin 

sin 

sh 

sinh 

arc  sh 

—  1 

sinh” ‘ 

cos 

cos 

ch 

cosh 

arc  ch 

COSh 
tanh_ , 

tg 

tan 

th 

tanh 

arc  th 

ctg 

cot 

cth 

coth 

arc  cth 

coth”^ 

sec 

sec 

sch 

sech 

arc  sch 

sech  ^ 
csch- 

cosec 

CSC 

csch 

csch 

arc  csch 

Russian  English 


COMPENSATION  FOR  DIRECT  AND  REVERSE  INTERCONNECTION  IN  AN  INFINITE 
EMITTER  ARRAY 


L.  V.  Ryzhkova 


An  infinite  emitter  array  is  presented  in 
the  form  of  a  multiterminal  network  whose  input 
connectors  coincide  with  the  inputs  of  actual 
emitters  and  whose  output  connectors  coincide 
with  the  outputs  of  individual  emitters.  This 
permits  expressing  all  elements  of  the  emitter 
array  scatter  matrix  by  the  coupling  coefficient 
between  the  input  connectors.  The  article  studies 
the  possibility  of  compensation  for  the  leakage 
of  energy  from  one  of  the  channels  to  the  inputs 
of  other  channels  and  the  reradiation,  by  the 
apertures,  of  the  energy  which  has  landed  on 
them  from  other  apertures. 


Introduction 

The  presence  of  an  interconnection  in  phased  arrays  leads  to  an 
entire  series  of  unpleasant  consequences  which  are  manifested  especially 
sharply  when  scanning  in  a  broad  sector.  This,  primarily,  is  the 
jTiismatch  of  emitters  with  the  feeding  lines  and  the  distortion  of  the 
radiation  pattern  which  is  caused  by  the  disruption  of  amplitude- 
phase  distribution  which  is  given  by  the  control  system.  Thus,  the 
task  of  weakening  the  influence  of  the  interconnection  on  the  operation 
of  the  antenna  is  extremely  important. 
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A  method  for  calculating  the  parameters  of  a  circuit  to  compensate 
for  reverse  interconnection  in  arbitrary  linear  arrays  was  proposed  in 
[1].  Here  we  present  a  more  general  method  which  permits  compensating 
for  the  mismatch  (reverse  interconnection)  as  well  as  the  reradiation 
of  the  energy  of  each  emitter  by  other  apertures  (direct  interconnec¬ 
tion). 

Matrix  of  the  Scatter  of  an  Infinitely  Long  Emitter  Array 

Let  us  present  an  infinitely  long  emitter  array  in  the  form  of 
a  rr.u  1 1 i terminal  network  whose  input  connectors  coincide  with  the 
inputs  of  actual  emitters  and  output  connectors  -  with  the  outputs  of 
"individual  emitters"  [2].  In  this  case,  the  system  of  waves  reflected 
from  the  output  connectors  of  the  antenna  is  a  system  of  amplitude- 
phase  distributions  in  the  aperture  of  the  antenna,  each  of  which  is 
formed  with  the  excitation  of  one  elementary  emitter  while  all  the 
other  emitters  are  closed  on  matched  loads.  The  radiation  patterns  of 
individual  emitters,  which  would  coincide  with  the  radiation  patterns 
of  elementary  emitters  if  there  were  no  interconnection  between  the 
emitters  of  the  system,  correspond  to  these  amplitude-phase  distribu¬ 
tions  in  the  aperture. 
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KEY:  (1)  Transmiss ion ;  (2)  Reception. 
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With  the  presehce  of  an  interconnection,  the  excitation  of  one 
.1  e.uscs  the  appearance  of  reflected  waves  on  all  other  inputs 

d  ;  ' 

.!.■!:  distortion  the  radiation  pattern  of  the  excited  emitter  due  to  the 
waves  which  are  reradiated  by  all  the  other  apertures  (Fig.  1). 

Let  us  write  the  scatter  matrix  of  the  multiterminal  network  which 
has  been  introduced  in  the  following  form: 
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Here  the  inputs  are  numbered  by  the  numbers  1,  3,  5  and  the 

outputs  -2,  4,  6  ...  .  The  elements  of  the  scatter  matrix  have  the 
following  meaning:  S n  -  the  reflection  coefficient  on  the  input  of 
some  emitter  with  the  excitation  of  it  alone;  S13  -  reflection  coef¬ 
ficient  at  the  input  of  some  emitter  with  the  excitation  of  the 
adjacent  one  alone  (i.e.,  "leakage"  -  to  the  input  of  the  adjacent 
emitter);  S15  -  "leakage"  across  one  and  so  forth;  S12  -  the  trans¬ 
mission  factor  from  some  input  to  its  own  output  which  determines 
the  amplitude-phase  distribution  in  the  aperture  which  corresponds  to 
the  radiation  pattern  of  an  individual  emitter,  i.e.,  to  the  radiation 
pattern  of  the  entire  antenna  with  the  excitation  of  only  one  input; 
S22  -  the  scatter  coefficient  of  an  individual  emitter;  -  the 

connection  of  two  adjacent  outputs  ("reradiation")  and  so  forth. 

With  this  definition  of  the  elements  of  a  scatter  matrix,  all 
types  of  reflections  and  scattering  in  the  system  prove  to  be  con¬ 
sidered.  The  following  relationships  are  valid  here: 
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2]  k*i*  -+ !  *i.  *r  *= 1 

*•1.3... 
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*-1.3... 


which  express  the  unitary  nature  of  the  scatter  matrix. 

Using  the  system  of  equations  (1)  we  can  express  all  elements 
of  the  scatter  matrix  through  the  elements  of  its  first  quadrant 
which  determine  the  connection  of  the  input  connectors: 


(2) 


The  elements  of  the  first  quadrant  can  be  determined  from 

the  matrix  of  impedances  Z  of  the  antenna  from  the  formula 
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=  (Z-  1)  (Z  +  I)"'. 


or  measured.  Thus,  all  elements  of  the  scatter  matrix  can  be 
determined . 

Now,  let  us  select  from  the  infinite  array  one  emitter  with 
incident  and  reflected  waves  ai,  b i ,  a2,  b2  at  the  input  and  output 
connectors.  We  can  write  formally  that  these  waves  are  connected  to 
each  other  using  some  matrix 


If  the  entire  array  is  excited  uniformly  and  cophasally,  the 
amplitude  of  the  reflected  wave  at  the  input  of  the  emitter  being 
examined,  with  consideration  of  leakage  from  all  the  other  emitters, 
is  determined  by  the  coefficient 


*—l.  3... 


The  transmission  coefficient  of  such  an  emitter 

S1  II  ~  sn  i  ~  Sl.  2' 


The  scatter  of  energy  by  the  emitter  aperture  is  determined  by 
the  coefficient 

s  =  V  s 

sn  ii  s2.  *+r 

*—1,3... 


As  follows  from  (2) 


s/i  a  —  —  $'/,  e,J?" . 


Then  we  can  write  the  scatter  matrix  of  an  emitter  which  is 
operating  in  the  system  in  the  following  form 
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Thus,  when  the  antenna  operates  on  transmission  the  four-terminal 
network  forms  an  incident  wave,  on  the  input  connectors  of  one  emitter 
aj  to  wave  b2  in  the  aperture,  the  amplitude  and  phase  of  which 
determine  the  pattern  of  the  given  individual  emitter  in  a  distant 
zone.  Here,  added  to  the  reflected  wave  itself  at  the  input  is  the 
wave  which  leaks  through  from  all  other  emitters  to  the  input  of  the 
element  being  considered.  With  the  operation  of  the  antenna  on 
receive,  the  wave  in  aperture  a2  which  corresponds  to  the  radiation 
pattern  of  a  given  separate  emitter  during  operation  on  transmission 
is  transformed  by  a  four-terminal  network  into  wave  bi  which  is 
received  at  the  input  of  the  given  emitter.  Here,  added  to  the 
scattered  wave  itself  at  the  output  are  waves  which  landed  on  the 
aperture  being  examined  from  other  apertures  and  are  reradiated  by 
them. 


In  this  examination,  no  consideration  is  given  to  the  fraction 
of  the  energy  which  arrives  from  the  element  being  examined  at  the 
inputs  of  all  other  elements  and  the  energy  from  its  aperture  which 
is  reradiated  by  other  apertures.  Therefore,  it  can  be  considered 
that  Sa  is  the  scatter  matrix  of  some  hypothetical  device  which 
possesses  losses.  On  the  otherhand,  since  in  the  general  case 


isi.*l*^|  2  si.»  • 

k— I. Ik-1.3...  I 

it  is  clear  that  matrix  does  not  satisfy  the  relationships  of 
unitarity.  The  introduction  of  such  a  matrix  is  formal  procedure 
which  subsequently  permits  the  easy  calculation  of  the  interesting 
parameters  of  a  real  system. 


In  conclusion 
matrix  of  a  single 


where 


of  this  section,  let  us  move  on  to  a 
emitter  which  operates  in  the  system 


*1.  i 


transmission 
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Now  the  problem  should  consist  of  compensating  for  the  reflection 
to  the  input  of  the  emitter  due  to  the  "reverse"  interconnection 
("leakage")  or  the  scatter  of  energy  into  space  due  to  direct  inter¬ 
connection  ("reradiation"). 


Scatter  Matrix  of  an  Infinitely  Long  Array  of  Waveguides  Connected 
by  Openings 

Let  an  array  consist  of  an  infinitely  large  number  of  identical 
waveguides  with  electrical  length  C  connected  by  openings  at  a 
distance  t? / 2  from  the  input  (Fig.  2).  We  write  the  scatter  matrix 
of  such  a  system  in  the  following  form: 


lq 

2 


1  a 

2 


i  1  -  the  coefficient  of  reflection  from  the  opening  at  the  input; 

-  the  transmission  coefficient  to  the  input  of  the  adjacent 
•„  s  Y<v.u  i  do ;  ;  yjV  -  the  coefficient  of  transmission  to  the  waveguide 

*  hr-  ugh  one,  etc.;  I  1  —  l'a  —  p*  cl%  -  the  coefficient  of  transmission  from 
t  L < ■  input  to  the  output  of  one  waveguide. 


Fig.  2. 


From  the  relationships  which  express  the  unitarity  of  the 
scatter  matrix  of  an  infinite  array  of  waveguides,  it  is  necessary 
to  determine  the  relationships  between  the  elements  f,  «  ,  and  p. 
The  condition  which  expressed  the  energy  balance  in  the  system: 

r,  +  (i-p-n  + 4 £(£.)*- 1. 

Hence  we  obtain 


Summing  this  series,  we  obtain 


Let  us  now  write  the  condition  fpr  orthogonality  of  any  two  lines 

of  the  matrix  between  which  th.ere  are  n  lines  where  n  =  0,  1,  2 . 

in  the  following  form: 

^  Qm  ■=  0;  (  ij  \ 

where  the  following  are  designated: 


/  i  a « ^ 


*= i 

«-*i(Tn!Trr 


It  is  easy  to  show  that 
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with 

n 
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i  «(tr 

with 

n 

odd ; 

(With  the  presence  of  a  double  sign  in  the  formula  with  even  n's 
the  upper  sign  pertains  to  n’s  which  are  multiples  of  U  and  the  lower 
to  n's  which  are  not  multiples  of  *1 ;  with  uneven  n's  the  upper  sign 
pertains  to  (n  +  1)  multiples  of  and  the  lower  -  to  (n  +  1)  which 
arc  i.ot  multiples  of  l(.) 
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Mow  it  is  obvious  that  with  even  n's  condition  ( fO  is  always 


sat.  isfied . 


With  odd  n's 


£  9.  ™  +  2(-”-)”+'  [r  1  I'  —  r»  -  i>!  +  —  -  1 1 


Consequently,  in  order  to  satisfy  the  condition  of  orthogonality 
of  the  lines  it  is  necessary  that 

(5) 


Taking  (3)  into  account,  from  (5)  we  obtain 


1’  +  V  I  -I  s  - p*  +  y  ~  1  —  0- 


Since  fi->0,  in  solving  (6)  relative  to  we  find: 

Pa  =  2 1  r(i  2~r-i'T). 

Thus,  the  relationship  between  elements  of  the  scatter  matrix 
of  an  infinite  array  of  waveguides  without  losses  has  been  determined 

Next  we  perform  the  same  operation  as  with  an  infinite  array  of 
emitters . 


Let  us  select  one  waveguide  and,  for  it,  we  write  down  the  non¬ 
unitary  scatter  matrix 
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coefficient  of  reflection  at.  the  input 


-// 


gumming  this  series  we  obtain 


o 


I  *1 


The  transmission  coefficient  after  summing  the  series 
*«/  =  *,'«  =  (\  +  -^)e"  . 

\  2  —  i  u ’ 


Thus,  the  scatter  matrix  of  a  waveguide  in  the  system 
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Changing  to  the  transmission  matrix,  we  obtain 
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Conditions  for  Compensating  for  Interconnection 

Wo  connect  in  cascade  f our-termina 1  networks  which  correspond 
t.o  an  emitter  and  waveguide  which  operate  in  infinite  arrays.  The 

t ransmiss ion  matrix  of  such  a  connection  is  determined  by  the  expression 
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i-.-neo  we  obtain  elements  of  a  compound  transmission  matrix: 
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In  order  to  write  the  conditions  for  compensation  for  inter¬ 
connection  without  changing  to  a  compound  scatter  matrix  of  a  cascade 
connection,  we  turn  to  the  general  formulas  of  the  transition  T  — >S 
t  3]  : 


hi  i  1  .  hi  hi  i  '  h  n  'n  /  . 

S»l  ~  >  ’  SI2  “  -  ’  S2I  “•  '  •  •  S22  ' 

hin  hiu  'a  a 


hi  ii 


For  the  connection  not  to  have  reflections  on  the  input  (s'n  =  0), 
it  is  necessary  that  tju  =  0;  so  that  there  is  no  scatter  22  =  0) 
it  is  necessary  that  =  0. 

From  the  first  condition  it  follows  that 

V  e"’  ((S,  +  i  C2)J  -  +  i  C,)2|  (B,  i  C.)  0 

Hence  we  can  obtain  the  following  formula  which  connects  the  elements 
of  the  scatter  matrix  of  the  emitter  array  with  the  parameters  of  a 
waveguide  system  which  compensates  for  the  "reverse"  interconnection 
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Disregarding  the  small 
rate  compensation  condition 


values  of  l”.  fit2. 


|2|*~ 


we  obtain  the  approx  i- 


whcnee  we  obtain  a  convenient  calculation  formula  to  determine  the 
transmission  coefficient  of  an  aperture  which  connects  the  waveguides 
which  form  the  compensation  circuit 
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/  2~Z  •« 

2  - 1 2  ;*  • 


(7) 


To  compensate  the  "direct"  interconnection  we  use  the  condition 

T,„  =  0. 

from  which,  after  conversion,  we  obtain  the  precise 


4a*  (i  —  f)  =  _ 

^  4  1  a*  :  Sit  I* 


and  the  approximate 


1  4  1 1  *j» 


4;.  2,1 


*-•  '  —  1  £  ,* 


(8) 


conditions  for  compensation  of  reradiation. 

Now  the  values  of  electrical  length  of  waveguides  can  easily 
be  obtained  for  circuits  for  compensating  for  leakage  and  reradiation 


tfiO,  - 


~  k,  'a(?r-  1)-  Mltf-  2D 

A,  (24a*  •  Iff)  •  A’.U'aC.f  ~  0 


(4I~  —  g«gl_ 

R‘1  "  "  *,'(41-2.1*) -fc.4« 
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(9) 


(10) 


where 


2  =  kl  i 


Conclusion 


As  follows  from  formulas  (7)-(10),  in* an  infinite  array  of 
emitters  where  there  are  only  two  controllable  parameters  with  the 
selected  method  of  compensation  at  our  disposal  -  the  coefficient  of 
transmission  of  the  compensating  opening  and  its  electrical  distance 
from  the  aperture,  only  ♦'he  separate  compensation  for  energy  leakage 
from  the  aperture  of  each  emitter  to  the  inputs  of  the  remainder  and 
reradiation  of  energy  which  landed  on  it  from  other  apertures  by 
each  aperture  is  possible  in  the  general  case. 

In  this  work,  the  entire  examination  was  conducted  for  the  case 
of  the  uniform  and  cophasal  excitation  of  the  emitters.  However,  it 
can  be  shown  that  the  compensation  circuits  whose  parameters  are 
determined  by  the  formulas  obtained  will  also  operate  with  the  scanning 
of  a  beam,  i.e.,  with  the  non-cophasal  excitation  of  the  emitters. 

This  statement  is  based  on  the  fact  that  with  the  examined  method  of 
compensation  each  channel  which  consists  of  an  emitter  and  waveguide 
with  openings  seemingly  itself  compensates  for  its  influence  on  the 
other  channels;  therefore,  the  phase  of  a  wave  which  lands,  for 
example,  from  the  emitter  with  number  i  in  the  channel  with  number 
(i  +  1)  (Fig.  3)  changes  with  scanning  due  to  the  connection  of  the 
aperture  in  the  same  way  as  the  phase  of  a  wave  which  lands  from  the 
i-th  channel  to  the  (i  +  l)-th  through  a  compensating  opening. 


The  formulas  which  have  been  obtained  can  be  used  to  accomplish 
the  decoupling  of  emitters  in  large  linear  arrays. 


In  conclusion,  I  consider  it  my  duty  to  express  my  profound 
graditude  to  0.  G.  Vendik  for  constant  attention  to  the  work. 
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SIMULTANEOUS  COMPENSATION  OF  DIRECT  AND  REVERSE  INTERCONNECTION  IN  AN 
INFINITE  EMITTER  ARRAY 


L.  V.  Ryzhkova 


A  method  is  proposed  for  the  calculation 
of  a  scheme  to  compensate  for  the  interconnection 
of  emitters  of  a  plane  array  in  the  form  of  a 
system  of  openings  which  connect  the  feeding 
waveguide  of  all  emitters  of  the  array  with  each 
other.  It  is  shown  that  the  simultaneous  compen¬ 
sation  for  the  leakage  of  energy  from  one  of  the 
channels  to  the  inputs  of  other  channels  (reverse 
interconnection)  and  the  reradiation  by  apertures 
of  the  energy  which  landed  on  them  from  other 
apertures  (direct  interconnection)  is  possible  in 
a  two-dimensional  array. 


Formulation  of  the  Problem 


In  a  plane  array  of  emitters,  it  is  possible  to  have  available 
four  controlled  parameters  instead  of  two,  as  occurred  in  a  linear 
antenna,  virtually  almost  without  complicating  the  system  [1]. 
Therefore,  the  possibility  appears  here  for  the  simultaneous  compen¬ 
sation  for  leakage  of  energy  from  the  aperture  of  each  emitter  to 
the  inputs  of  the  remainder  and  the  reradiation,  by  each  aperture, 
of  the  energy  which  landed  on  it  from  other  apertures. 


We  can  introduce  in  the  plane  array  a  system  of  openings  in  the 
narrow  and  broad  walls  of  the  feeding  waveguides  for  the  simultaneous 

compensation  of  the  connection  between  lines  and  columns  of  the  array. 
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Tho  tank  of  this  work  is  to  clarify  the  conditions  under  which  the 
simultaneous  comnens^t j on  of  direct  and  reverse  interconnection  is 
possible  and  to  determine  the  parameters  of  the  compensation  circuit. 

We  can  proceed  in  the  following  manner  to  solve  the  problem  of 
compensation  for  interconnection  in  a  plane  array:  examine  separately 
the  connection  of  the  emitters  within  the  line  and  then  the  connection 
between  the  lines.  From  the  conditions  of  compensation  for  connection 
within  the  line  a  determination  is  made  of  the  parameters  of  the 
openings  in  the  narrow  walls  for  a  unified  emitter-line  as  was  done 
for  a  linear  antenna  [1].  Then,  based  on  the  conditions  for  the 
compensation  of  the  connection  between  lines  or  between  unified 
emi t.ters-1  ines ,  a  determination  is  mace  of  the  parameters  of  the 
openings  in  the  broad  walls  for  a  unified  emitter  of  the  array,  i.e., 
for  an  emitter-column  which  cor'ists  of  emitter-lines,  again  just  as 
for  a  linear  antenna.  Separate  compensation  in  planes  E  and  H  was 
used  by  Hannan  [2]  who  first  proposed  the  application  of  compensating 
lines  of  connection  between  emitters  to  match  the  elements  of  phased 
arrays  with  feeding  lines. 

In  our  case,  the  task  is  posed  somewhat  more  broadly  -  it  is 
necessary  to  achieve  not  only  the  matching  of  elements  with  the 
feeding  lines,  i.e.,  compensation  for  reflected  waves  on  the  input 
connectors  of  the  system  of  emitters  (reverse  interconnection),  but 
also  to  exclude  the  scattering  of  energy  into  space,  consequently, 
compensating  for  reradiated  waves  (direct  interconnection).  Therefore, 
a  somewhat  different  approach  which  consists  of  the  following  appears 
to  be  more  promising  here.  A  unified  element-array  connected  with 
all  the  other  elements  of  the  array  is  examined.  Then,  a  unified 
element  of  a  compensating  waveguide  array  which  is  also  connected 
with  all  the  other  waveguides  is  connected  to  this  emitter.  Next  we 
find  the  compound  scatter  matrix  of  a  cascade  connection  of  the  array 
element  with  the  element  of  the  waveguide  circuit  and  equations  of 
compensation  whose  solution  will  provide  the  parameters  of  the  connec¬ 
tion  openings  are  compiled. 
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In  the  conclusion  of  this  section,  we  should  note  that,  first, 
each  isolated  element  of  the  emitter  array  is  considered  ideally 
matched  with  its  feeding  line  and  the  mismatch  and  distortion  of  the 
radiation  pattern  which  arise  with  the  operation  of  such  an  emitter 
in  the  system  are  considered;  second,  an  infinite  array  is  introduced 
for  simplification  since  in  it  all  elements  are  identical  and  are 
under  the  same  environmental  conditions. 

Scatter  Matrix  of  an  Element  of  Emitter  Array 

Let  us  examine  the  structure  of  a  scatter  matrix  of  an  infinite 

array 


Here  Sjj  is  the  scatter  matrix  for  the  inputs  whose  elements  are: 
the  reflection  coefficient  of  the  array  element  itself;  the  connection 
of  the  array  element  with  all  elements  of  its  line;  the  correction  of 
the  array  element  with  all  elements  of  its  column;  the  connection  of 
the  array  with  the  elements  of  all  other  columns,  excluding  those 
elements  which  belong  to  a  line  already  selected  (i.e.,  all  connections 
are  considered  and  no  connection  is  repeated  twice). 

Surgin'  -  are  identical  units  which  characterize  the  transmission 
from  the  input  of  one  element  to  all  outputs  including  its  own; 
if  the  radiation  pattern  of  a  "separate  emitter"  is  considered  as  an 
output,  as  in  the  case  of  a  linear  antenna  [3],  then  these  blocks  are 
diagonal  matrices. 

S.tli  is  the  matrix  of  scatter  of  the  system  among  the  outputs 
whose  elements  are  the  scatter  coefficient  of  the  element  and  the 
connection  between  the  radiation  pattern  of  individual  emitters. 

Just  as  formerly, 


Sn~(Z~  I )(Z+  I)'1. 
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where  Z  -  the  matrix  of  array  impedences,  I  -  a  single  matrix.  We 
now  prepare  a  scatter  matrix  of  an  emitter  in  the  system 


R 1 1  A* is 

A’ss.  ' 


We  determine  the  coefficient  of  reflection  on  input  Rn  as  the 
sum  of  the  reflection  coefficient  itself  and  of  all  coefficients  of 
transmission  which  characterize  the  leakage  of  energy  to  the  input 
of  a  given  emitter  from  all  the  others,  i.e.,  as  the  sum  of  all 
elements  of  a  line  of  block  Six* 

Rn  “•  *n  +  sh-  ^  ) 

*-3,6... 

We  determine  the  coefficient  of  reflection  on  output  R22  as  the 
sum  of  the  scatter  coefficient  itself  and  of  all  transmission  coef¬ 
ficients  which  characterize  the  reradiation  of  the  energy  of  all 
other  apertures  by  a  given  emitter: 

/?2,  =  SM  +  N  Sjft. 

sad 

*=•4.6... 


The  transmission  coefficient  of  a  unitized  emitter  is  determined 
by  the  diagnonal  element  of  block  S'n,\ 

Rit  —  Rn  —  |  *n  |  e'T" , 


Obviously,  just  as  in  the  case  of  an  infinite  array,  we  can  show 

that 


H-|  = 

*— 1,  3... 


—  Sj*e 


Rk  “  -  Rn  e'*"  . 
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Then 


Thus,  if  the  elements  of  the  input  block  of  the  scatter  matrix 
of  the  array  are  measured  or  calculated,  then  all  elements  of  the 
scatter  matrix  of  the  emitter  in  the  system  can  be  determined.  In 
moving  on  to  the  transmission  matrix  of  this  arbitrary  emitter,  we 


have 


Scatter  Matrix  of  a  Unified  Element  of  a  Compensation  Circuit 

Let  us  first  turn  to  an  infinite  array  which  is  formed  by  wave¬ 
guides  with  electrical  length  0  which  are  connected  with  each  other 
by  openings  in  narrow  (transmission  coefficient  of  opening  a.  re¬ 
flection  coefficient  from  opening  fa,  electrical  distance  from  input 
0a)  and  broad  (respectively  p,  rp.  Be)  walls.  One  waveguide  of  such 
an  array  is  shown  in  Fig.  1.  For  definiteness,  we  assume  0O<®&). 

The  structure  of  a  scatter  matrix  S"  of  this  infinite  waveguide 
array  is  the  same  as  that  of  the  scatter  matrix  S*  of  an  infinite  ray 
of  emitters  but  only  blocks  S‘,a  and  $ni  are  not  diagonal.  We 
immediately  write  down  the  elements  of  the  scatter  matrix  K  of  a 
unified  waveguide  element  of  the  compensation  circuit: 
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I.H*  ..  i».  /  I  <i  \*  i:e  „n,  ip\*  . 

*-y  '+*£(•»)'  +  2L(--r 

*-»  me*  1 

*.  =-Iae*2(^)-rec,J(^)-,  ■?  - 

*-i ' 


*,, •  r > '  (•, + v - v  >- 2  S I1! ) +  •■ 


H-2S(fr^ss(7M7r_- 

*_l  *-lm-l  J 


Fig.  1. 


In  summing  the  series  and  disregarding  the  small  value  fr  +r  ) 


we  obtain 


*„  -  (-  r  +  *i- )  eIM°  +  f- r,  +  -iif - M_| , 

\  2  2~  ia  '  l  p  2  —  i  P  (2-ia>(2-ip>  J 


*2!  ==  —  r  h- 


2  — ia 


_ 114. _ 1. 

(2  —  i  aj  (2  —  i  p)  J 


n  (®— ®a )  _j_ 


The  value  of  VL  expresses  the  fraction  of  energy  of  the  incident 
wave  which  departs  for  connection  with  other  waveguides  and  can  be 
d<  terninod  from  the  condition  of  unitariness  of  the  scatter  matrix 
of  an  infinite  array  of  waveguides  which  expresses  the  energy  balance 
in  the  system 

Y*  -  If,  -  J*. _ ’ 

(4  -  u*) 


It  is  easy  to  show  that  in  the  case  of  small  openings 


n 


Thus,  all  elements  of  the  scatter  matrix  of  an  element  of  an 
infinite  waveguide  array  are  expressed  by  the  parameters  of  the 
connection  opening  and  the  length  of  the  waveguide  segments  which 
comprise  the  array. 


Proceeding  to  the  transmission  matrix  of  a  waveguide  in  the  array, 
we  have 


'pff  _ 


*2I*U  --  k]tku 

*il 

_  ^iL 


J 

*i«  . 


Determination  of  the  Parameters  of  the  Compensation  Circuit 

Let  us  connect  the  unified  elements  of  the  array  of  emitters  and 
array  of  waveguides  which  have  been  introduced  with  each  other.  Here, 
the  compound  transmission  matrix  of  the  connection  is  determined  as 

f -s-  “Y'Y" 
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It  is  easy  to  show  that  the  elements  of  the  compound  transmission 
matrix  have  the  form 


T 

( (  A’ij  *  :  A’,,  «)(<::?- 

‘  H 

’  A'l2  A,. 

(1 1  A'n  :)  A'i«  —  A' 

T 12 

1  Afi»  ,  £|j 

•  7„ 

( 

XT 

iS*4 

Tr 

”77- 

! 

Rtt  A*  12 

r  -- 

—  An  Ay.  1  e_,Tit 

/  — 

1  ft|j  Alt 

(3) 


The  compound  scatter  matrix  of  the  connection 


pit  a'ij 

U*1  S22. 


Obviously  equation 


si,  —  0, 

can  serve  as  the  condition  for  the  compensation  for  the  reverse 
interconnection,  and  the  equation 


has  the  condition  for  compensation  for  direct  interconnection. 


Moving  from  T  to  S  and  presenting  (3)  in  ( *1 )  and  (5),  we  obtain 
the  ex panded  cond i t i ons  for  the  compensation  of  reverse  and  direct 
interconnect i on : 


^11(^12  ^  ^11  0;  (6) 

Is)  0,  (7) 


where  R 1 j  and  Rip  are  determined  from  (1)  and  (2) 


<  A. 


2  3 


V.V  make  several  transformations  of  the  elements  of  the  matrix  K, 
in  mind  the  smallness  of  the  openings  which  connect  the 
v.  ,-u  i  des .  :!c  can  assume  that  the  transmission  coefficient  of  the 

.  ;•  ruin’:  and  the  coefficient  cf  reflection  from  it  are  corrected  with 
<M.d,  other  approximately  in  the  same  way  as  in  the  system  of  two 
connected  waveguides  [H],  i.e., 

«*  s  2ra;  p!  a  2rp. 

In  addition,  in  all  transformations  we  disregard  the  powers  of 
“  and  r‘  above  two-  Obviously,  we  can  consider  the  electrical  length 
of  the  bridge  H  to  be  any  one  without  any  limitation  on  the  generality 
of  consideration.  For  example,  let  e«2.n.  Then  we  obtain: 


ku  •le,*a 

i  2  2  —  i  u] 

_ 4  op _ _ 1  l! 

(2  —  i  «)  (2  —  i  p)  jC 

« - 

L  2  2-la  I 


?'  ,  2>JL . 

2  +  2  —  i  P 


(2  —  i  a)  (2-Ip) 


k  a*  +  P»  ,  2i  a  ,  2ip 

_  | - — - - P  - - r  +  - - - 


-120 

e  “  + 


2-ia  2  —  I  P  (2  —  I  a)  (2  —  1  p) 


Solving  the  system  of  equations  (6),  (7),  where  kn,  k 2?,  k12  are 
determined  respectively  from  equations  (8)  relative  to  a,  p.  0p.  we 
obtain: 


tE  2W  — 1 *- ;  tg  20b  =  - 

a  ImK„  e 

«  =  0.19(1  —  | Ru  |*  - 1  /?„  |*);  p  =  0.31  (1  -  I  /?„  !s  - 1  /?„!*) 


Conclusion 


In  an  infinite  plane  array,  in  contrast  to  a  linear  one,  the 
simultaneous  compensation  for  leakage  and  reradiation  is  possible. 
As  is  evident  from  formulas  (9),  the  parameters  of  the  compensating 


* 


,  ;  •  ■  [ :  i  fi ; ' in  narrow  and  broad  walls  are  different  -  the  values  of  the 
.. :  .M-t.rieal  distance  from  the  connection  opening  to  the  aperture  «a  and 
differ  from  one  another  by  n/2,  and  the  transmission  coefficients  of 
the  openings  u  and  p differ  approximately  1.6-fold. 

The  formulas  which  have  been  obtained  can  be  used  to  accomplish 
t.he  complete  decoupling  of  emitters  in  large  antenna  arrays. 

In  conclusion,  I  consider  it  my  pleasant  duty  to  express  my 
profound  graditude  to  0.  G.  Vendik  for  constant  interest  in  the  work 
and  valuable  remarks. 
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